Reagents
Triply distilled water and analytical-reagent grade chemicals were used. A standard solution of hydrazine (1000 mg L -1 ) was prepared by dissolving 0.4063 g of hydrazinium sulfate (Merck) in water and diluting to the mark with water in a 100-mL volumetric flask. A standard solution of acetylhydrazine (1000 mg L -1 ) was prepared by dissolving 0.1000 g of acetylhydrazine (Merck) in water and diluting to the mark in a 100-mL volumetric flask. A 0.2 mol L -1 SDS was prepared by dissolving 5.76 g of SDS (Merck) in water and diluting to the mark in a 100-mL volumetric flask. A 0.02 M DAB solution was prepared by dissolving 0.149 g of DAB in the 0.2 M SDS and diluting with an SDS solution to the mark in a 100-mL volumetric flask. A 0.2 mol L -1 HCl solution was prepared by diluting concentrated hydrochloric acid. standard solutions and 1 mL of 0.2 mol L -1 hydrochloric acid were added into a 10 mL volumetric flask. The solution was diluted to ca. 9 mL with water and was placed in a 60˚C water bath; after 10 min, 1 mL of a 0.02 mol L -1 DAB solution was added to initiate the reaction. A stopwatch was started just after the addition of the DAB solution. The solution was diluted to the mark, and a portion of it was transferred into a 1-cm glass cell to measure the absorbance change with time at 460 nm. Synthetic samples containing different concentrations of hydrazine and acetylhydrazine standard solutions were prepared, and the standard addition of acetylhydrazine (up to 2.5 mg L -1 ) was made. The simultaneous determination of hydrazine and acetylhydrazine standard solutions with HPSAM was performed by measuring the absorbances at 5 and 20 min after initiation of the reaction for each sample solution. Hydrazine and acetylhydrazine standard solutions, can be determined simultaneously with the concentration ranges of 0.02 -0.7 mg L -1 and 0.2 -5.0 mg L -1 , respectively. The procedure was repeated for some mixtures to show the applicability of the method.
Results and Discussion
In the SDS micellar medium, the condensation of aromatic aldehydes with hydrazine derivatives afforded color products. The condensation of DAB with hydrazine and acetylhydrazine affording azine and acetylhydrazone products, respectively, proceed according to the following stoichiometric equations: SDS micellar media strongly enhance the rate and equilibrium constants of the above reactions. 20 As Fig. 1 shows, the spectra of the azine and acetylhydrazone are nearly the same, and each compound interferes in the spectrophtometric determination of the other one. However, it was observed that the reaction of hydrazine with DAB in the presence of sodium dodecyl sulfate (SDS) in an acidic media was completed at 5 min after mixing, while the reaction of acetylhydrazine with DAB in the same conditions was relatively slow (see Fig. 2 ). The reactions could be monitored spectrophotometrically by measuring the absorbance of the solutions at 460 nm. Therefore, the systems seem to be appropriate for the simultaneous determination of hydrazine and acetylhydrazine by using HPSAM.
Effect of variables
To take full advantages of the procedure, the reagent concentrations and the reaction conditions must be optimized. Various exprimental parameters were studied in order to obtain an optimized system. The parameters were optimized by studying their effects on the reaction of hydrazine and acetylhydrazine mixtures.
The effect of DAB concentration on the rate of the reaction 1200 ANALYTICAL SCIENCES AUGUST 2004, VOL. 20 was studied over the range 0.0005 -0.005 mol L -1 . The results are shown in Fig. 3 . As Fig. 3 shows, the absorbance change for a mixture of hydrazine-acetylhydrazine increased by increasing the DAB concentration up to 0.0015 mol L -1 , and remained nearly constant at higher concentrations; therefore, a 0.002 mol L -1 DAB concentration was selected as the optimum concentration.
The effect of SDS concentration on the rate of the reaction was studied in the range of 0.00 -0.04 mol L -1 . The results are shown in Fig. 4 . As Fig. 4 shows, the absorbance change for a mixture of hydrazine-acetylhydrazine increased by increasing the SDS concentration up to 0.015 mol L -1 , and remained nearly constant at higher concentrations; therefore, a 0.02 mol L -1 SDS concentration was selected as the optimum concentration.
The effect of the hydrochloric acid concentration on the rate of the reaction was studied in the range of 0.005 -0.05 mol L -1 . The results are shown in Fig. 5 . As Fig. 5 shows, the absorbance change for a mixture of hydrazine-acetylhydrazine increased by increasing the acid concentration up to 0.02 mol L -1 , and decreased at higher concentrations. Therefore, a 0.02 mol L -1 hydrochloric acid concentration was selected as the optimum concentration.
The effect of the temperature on the reactions was studied in the range of 20 -90˚C. The results are shown in Fig. 6 . As Fig.  6 shows, the absorbance change for a mixture of hydrazineacetylhydrazine increased by increasing the temperature up to 60˚C, and decreased at higher temperatures; therefore, a 60˚C temperature was selected as the optimum.
Requirements for applying HPSAM
The basis of using HPSAM for the treating kinetic data under the conditions that the reaction of one component is completed, while that of other component is not completed yet, is described below. 18 In this case, the variables to be fixed were the times 5 and 20 min, at which the product of the reaction of hydrazine had the same absorbance over the range between these two times, and also there is an appropriate difference between the slopes of the calibration lines.
Considering a binary mixture of hydrazine-acetylhydrazine, for example, assume that, the absorbance of the produced reaction at the reaction of acetylhydrazine with DAB at 460 nm at times 5 and 20 min are bi and Ai, respectively (see Fig. 2 ), while those of the hydrazine-DAB reaction under the same conditions are b and A′, respectively. They are equal in this case. The following equations show the relation between them:
where subscripts i and j denote the different solutions for n additions of the acetylhydrazine concentration prepared to apply the HPSAM and for a time comprised in the 5 -20 min range, respectively. Thus, the overall absorbance corresponding to a hydrazineacetylhydrazine mixture at 5 and 20 min were A5 = bo + bi and A20 = A′ + Ai, respectively.
Application of the HPSAM at the two aforesaid times gives
which intersect at point H(CH, AH) ≡ (-Cacetylhydrazine, Ahydrazine); Fig. 7 . At the intersect,
Hence,
A′ and b are equal because of the fast reaction between hydrazine and DAB, hence which is equivalent to the existing Cacetylhydrazine (= b0/M5 = A0/M20). Substitution of Chydrazine into Eqs. (3) and (4) yields AH = b, and the overall equation for the absorbance at H-point simplifies to
The intercept of the straight lines represented by Eqs. (3) and (4) would thus directly yield the unknown acetylhydrazine concentration (Cacetylhydrazine) and the analytical signal of species hydrazine (Ahydrazine) corresponding to 5 and 20 s in the original samples. The concentration of hydrazine was calculated from this analytical signal from a calibration graph (Table 1) .
According to the theory of the proposed method, the absorbance values for the different mixtures of hydrazine and acetylhydrazine solutions were measured at 5 and 20 min.
A summery of the obtained results for various analyte concentrations is given in Table 2 . The concentration was calculated directly by solving a system of equations of two straight lines. The hydrazine concentrations were calculated from the absorbance values (AH) obtained from the solution of the cited system of equations.
Accuracy and precision of the method
Under the optimum conditions, the simultaneous determination of different binary mixtures of hydrazineacetylhydrazine were made using HPSAM. As Table 2 shows, the accuracy of the results is satisfactory when the concentrations of hydrazine and acetylhydrazine vary from 0.02 -0.70 and 0.2 -5.0 mg L -1 , respectively.
To check the reproducibility of the method, five replicate experiments were performed and the relative standard deviation (RSD) was obtained for mixtures. The results are given in Table 3 . As the results show, the precision of the results is satisfactory.
Selectivity
To study the selectivity of the proposed method, the effect of various ions on the determination of a mixture of 0.2 mg L -1 hydrazine and 3.0 mg L -1 acetylhydrazine was tested under the optimum conditions. The tolerance limit was defined as the concentration of added ion causing less than a ± 3% relative error. 
Application
To evaluate the proposed methods, it was applied to the simultaneous determination of hydrazine and acetylhydrazine in plasma and water samples. The tested samples were found to be free from hydrazine and acetylhydrazine and thus, synthetic samples were prepared by adding known amounts of hydrazine and acetylhydrazine to the plasma and water samples. The results are given in Table 4 . The recoveries are close to 100%, indicating that there is no serious interference in such water samples. The good agreement between these results and known values indicate the successful applicability of the proposed methods for the simultaneous determination of hydrazine and acetylhydrazine.
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